Objectives: Approximately half of ICU admissions are comprised of patients older than 65 years old. Mild cognitive impairment is a common disorder affecting 10-20% of patients in the same age group. A need exists for exploring mild cognitive impairment and risk of critical illness. As mild cognitive impairment may be a contributor to poorer overall health or be a result of it, we sought to determine whether the presence of mild cognitive impairment independently increases the risk of critical illness admissions. Design: Data from the Mayo Clinic Study of Aging were analyzed. All study participants underwent prospective comprehensive cognitive testing and expert panel consensus diagnosis of both cognitive function and clinical state at baseline and subsequent visits. Comparisons were made between those with normal cognitive function and mild cognitive impairment regarding baseline health and frequency of critical illness. Setting: Single-center population-based cohort out of Olmsted County, MN. Participants: All individuals 70-89 years old were screened for prospective enrollment in the Mayo Clinic Study of Aging. Patients with preexisting dementia and ICU admission within 3 years of entry to the study were excluded from this analysis.
M ild cognitive impairment (MCI) is an intermediate state of cognitive dysfunction defined by impairment in one or more cognitive domains, including memory, attention, executive function, language, or visuospatial skills, but not generally meeting the criteria for dementia (1) . Approximately 10-20% of the general population over 65 years of age have MCI and are at an increased risk of developing dementia, with 5-10% of MCI patients advancing to dementia each year compared with 1-2% of the normal population (1) .
Patients more than 65 years old comprise approximately half of all ICU admissions with the number of geriatric ICU admissions expected to increase over the next several decades (2) . Advances in critical care medicine have allowed for a growing number of critical illness survivors, with elderly patients making up a large proportion. Studies have shown that approximately 63-85% of elderly patients admitted to the ICU will survive to hospital discharge (3) (4) (5) (6) . However, these survivors face increased risk of physical, emotional, and neurocognitive deficits, may have diminished quality of life, and use a disproportionate amount of healthcare resources after hospital discharge (7) (8) (9) .
As MCI may be a reflection of overall poorer health, the risk of critical illness may be increased reflective of this alone. Nonetheless, the same mechanisms that lead to declining health may also be worsened further by the presence of MCI and therefore increase the risk of critical illness. We hypothesize that MCI may independently increase critical illness risk despite similar baseline health among elderly patients. We also wished to avoid the confounding associated with prior critical illness and its contribution to long-term cognitive decline or deficiency. Unfortunately, there are few studies assessing cognitive function prior to ICU admission because critical illness often occurs emergently with little time to screen for baseline impairment (10) . Using a prospective, population-based cohort, we identified patients assessed in a systematic manner with and without MCI at baseline and studied their risk of ICU admission and critical illness.
METHODS

Study of Aging Design
Data from the previously described Mayo Clinic Study of Aging (MCSA) was analyzed for admission or transfer to an ICU (11, 12) . Enrollment began on October 1, 2004, with a rolling enrollment protocol designed to continually add patients to the study. A prospective cohort was constructed, which consisted of patients 70-89 years old residing in Olmsted County, MN. A sampling frame of 9,953 unique individuals who had been in contact with the healthcare system in Olmsted County within 3 years of the start of the study were identified by the use of the medical records-linkage system from the Rochester Epidemiology Project (13) . Based on census data, it was determined that nearly all Olmsted County residents 70-89 years old were identified with 5,233 persons randomly selected for the first round of recruitment.
Charts of selected patients were examined, and patients were initially excluded if they had a prior diagnosis of dementia. Dementia was confirmed by standard neurologic assessment established in the medical record prior to the initiation of MCSA. Those without established diagnosis of dementia were contacted and scheduled for an in-person or structured telephone interview. Participants who were evaluated in-person underwent extensive assessment, which included meeting with a nurse or study coordinator, neurologic examination by a physician, and neuropsychologic testing by a psychometrist. A nurse or study coordinator gathered detailed information that included demographics, past medical history, family history, and a self-reported overall wellness rating (based on a 1-5 scale 
Current Study Design
Institutional review board (IRB) approval was obtained for analysis of ICU admissions (Mayo Clinic IRB 10-000328). Data from MCSA October 1, 2004, to December 31, 2010, were analyzed. The previously described ICU DataMart, developed as part of the Multidisciplinary Epidemiology and Translational Research in Intensive Care program at Mayo Clinic, was used to obtain ICU admission dates for subjects enrolled in MCSA (14, 15) . The reason for admission to an ICU was documented and categorized via manual chart review by a blinded physician researcher.
Patients from MCSA who were found to have dementia on initial visit were excluded. As survivors of critical illness have previously been shown to have neurocognitive deficits following discharge, study subjects who were admitted to an ICU within 3 years of entering the study were also excluded (7-9).
Patients with normal cognitive function and those diagnosed with MCI were followed at study entry through December 31, 2010. The frequency of ICU admission between patients with normal cognitive function and those with subsequent MCI were compared, along with baseline demographics and medical comorbidities. Patients dying before ICU admission (not in the ICU) were censored for the purposes of this analysis.
When patients were enrolled into MCSA, baseline health inclusive of comorbidities, laboratory, and vital signs were obtained. Sixteen variables were selected for this analysis based on their plausible contribution to an increased risk of MCI and critical illness. These included age, gender, race, years of education, self-reported health status, smoking history, diabetes, hypertension, congestive heart failure (CHF), hypercholesterolemia, stroke, myocardial infarction (MI), atrial fibrillation, prior coronary artery bypass grafting (CABG), and prior angioplasty.
Statistical Analysis
Continuous data were presented as mean values ± sd when normally distributed or median with 25-75% interquartile ranges otherwise. Categorical data were presented as counts with percentages. Continuous variables were compared by using either Student t test or Wilcoxon signed rank sum based on parametric or nonparametric characteristics. Chi-square or Fisher exact test was used to compare categorical variables. A Cox proportional hazards regression model correcting for a priori variables plausibly contributing to an increased risk of developing MCI was used. These covariables included age, male gender, health self-rating, and years of education. A composite score for coronary heart disease (CHD) was used for combining covariables of MI, prior CABG, and angioplasty for the purposes of univariable and multivariable Cox regression. As "immortal time bias" may be of concern, only those risk factors known at baseline (study enrollment) were used, including the exclusion of those who developed incident MCI after enrollment. p values less than 0.05 were considered significant. All statistical analysis was performed using JMP 10.0 (SAS Institute, Cary, NC).
RESULTS
Of 2,425 MCSA patients enrolled, 1,734 (71%) were included in the current study ( Fig. 1) . Four hundred and eighty-one subjects were excluded, including 419 who had previous ICU admission within 3 years of entry to MCSA and 62 who were identified as having dementia at baseline. MCI was identified at MCSA study enrollment in 306 individuals with exclusion of 210 developing incident MCI after baseline assessment. A total of 1,428 patients were deemed to have normal cognitive function at MCSA study entry. Median follow-up in those with ICU admission (n = 296) was 2.2 versus 4.1 years in those without. One hundred seven patients died before incident ICU admission with their follow-up censored for log-rank analysis.
Baseline characteristics of cognitively normal patients versus those with MCI are presented in Table 1 . Subjects with MCI were older, more likely to be men, and had similar total years of education. Prior stroke history seemed to be the only statistically significant variable (9.6% vs 22.8%; p < 0.001) between normal cognitive function versus MCI subjects. When self-rating their own health, patients with MCI were more likely to rate their health as poor (19.9% vs 8.4%; p < 0.001).
The incidence of ICU admission in patients with MCI was significantly higher than in cognitively normal patients (27.1% vs 14.9%; p < 0.0001). Indications for ICU admission are presented in Table 2 . Planned procedures with related postoperative ICU monitoring or complications were the most frequent admission type in each group (33% and 21%, respectively). In patients with MCI, ischemic cardiovascular disease (including ST-elevation MIs) accounted for 17% of ICU admissions, whereas severe sepsis and septic shock and respiratory failure accounted for 11% and 10%, respectively. There was overall no statistically significant difference in terms of admission types between the two groups (p = 0.42).
Univariable and multivariable Cox regression models for predictors of ICU admission adjusted for a priori covariables of age, gender, smoker status, years of postsecondary education, and health self-report status are presented in Table 3 . Notable predictors after adjustment include ischemic heart disease (CHD, composite factor), other heart diseases, including CHF and atrial fibrillation, and body mass index. MCI was an independent predictor of ICU admission on both univariable and multivariable analyses (hazard ratio, 1.50 [1.15-1.96]; p = 0.03). Kaplan-Meier analysis (Fig. 2) demonstrated increased incidence of ICU admission over a 4-year timeline in those with MCI compared to those with normal cognitive function (log rank, p < 0.0001).
DISCUSSION
In this population-based, prospective study of cognitive function and aging, MCI seems to be independently associated with an increased risk of ICU admission. To our knowledge, this is the first study to systematically evaluate baseline cognitive function and other clinical risk factors for transition to MCI and dementia over time prior to incidence of critical illness.
Patients with MCI at study enrollment had twice the incidence of ICU admission during a 4-year follow-up time frame (27.1% vs 14.9%; p < 0.0001). They were older and men with prior history of stroke and worse health self-rating. Baseline comorbid conditions, such as diabetes, ischemic heart disease (previous MI, CABG, or angioplasty), CHF, atrial fibrillation, and hypertension, were not statistically different. As there may be "immortal bias" for those living to ICU admission versus those who died beforehand, only incident MCI at enrollment was followed. A multivariable Cox regression model controlling for a priori clinical covariables found that MCI remained an independent predictor of ICU admission. Although other comorbidities and characteristics were also associated with increased ICU admission, only poor health self-rating, age, and male gender were associated with increased MCI. Stroke was not predictive on multivariable Cox analysis for ICU admission although associated with MCI risk.
The reason for ICU admission did not vary statistically between those with and without MCI. A third (33%) of patients with normal cognitive function and 21% of MCI patients were admitted to an ICU following a planned procedure that typically necessitated postoperative ICU management (such as cardiac valve replacement or CABG) or as a direct complication of such procedure. Cognitive impairment may have played a role in overall decision making regarding higher risk treatment options outside of any increased procedural risk, although this was not well documented in the medical record. We speculate that more conservative treatment options may have been recommended to patients with cognitive impairment, and thus, a smaller percentage underwent planned procedures. As well, MCI is known to be associated with a higher number of medical comorbidities, with such comorbidities perhaps influencing the decision to pursue elective procedures. A recent study by Kazmierski et al (16) suggested that baseline MCI increases the likelihood of postoperative delirium, adding to the morbidity of a procedure. They noted that pre-and postoperative inflammatory markers and cortisol levels were higher in those with diagnosed MCI compared with non-MCI patients (16) . These findings suggest perhaps increased complication rate in procedures both elective and nonelective for patients with suspected MCI, which may influence decision making.
Few studies have prospectively examined the risk of ICU admission in patients with established MCI. Pandharipande et al (17) evaluated by short questionnaire (Informant Questionnaire on Cognitive Decline in the Elderly) the baseline cognitive function of 821 patients and their long-term cognitive outcomes after critical illness, noting that approximately 6% of critically ill patients met criteria for cognitive impairment at the time of critical illness admission. They ultimately found delirium had profound effects on long-term cognitive function, even in younger patients not expected to have baseline cognitive disease. Although attempts at measuring baseline cognitive function at the time of study enrollment (admission to the ICU) were made, more extensive or comprehensive assessment was not feasible even in those at an increased risk of subclinical disease. Of 296 ICU admissions in our study, MCI was established or existed in 28% by comprehensive preillness assessment. Explanation for the discrepancy in frequencies in our two studies includes vastly different study populations (all ICU admission age groups vs older patients > 70 yr old already at an increased risk of MCI in our study) and different methodologies for establishing MCI diagnosis. Two population-based prospective cohorts analyzing baseline cognitive health pre-and postcritical illness noted worsening of tested cognitive function after critical illness admission (8, 10) . Their baseline assessment of cognitive health included biannual recorded surveys as part of larger health group assessments and proxy interviews where available. Although methodologies for assessing baseline cognitive health were less extensive than ours, they were able to establish baseline criteria for dysfunction and graded progression over time. Ehlenbach et al (10) included dementia patients and all ICU admissions, whereas Iwashyna et al (8) studied severe sepsis survivors. Our cohort using the MCSA database, whose intent was to follow risk and presentation of MCI and dementia itself, did not assess primarily the effects of critical illness but more so reflected an extensive prospective assessment of cognitive health. From this, we then followed risk of critical illness as stratified by the presence or absence of MCI at baseline. However, it should be highlighted that the timing and establishing of a comprehensive diagnosis of MCI is important to delineating interactions of cognitive health with critical illness and other daily comorbidities. Subclinical undiagnosed disease may have a profound effect on hospital course, including incidence and duration of delirium, as well as contribute to more rapid cognitive decline after critical illness.
Admission Diagnoses for Subjects Admitted to the ICU Comparing Frequencies between Cognitively Normal and Mild Cognitive Impairment Patients
Although work establishing preillness MCI as a risk factor for critical illness is currently limited, prior studies have examined the risk of hospital admission in patients with dementia. In a retrospective cohort analysis, Phelan et al (18) showed that incident dementia significantly increased the risk of hospitalization in the elderly and potentially preventable admissions. Similarly, a study examining claims-based data found that Medicare beneficiaries with dementia had more than three times the risk of being hospitalized when compared with cognitively normal patients (19) . Ehlenbach et al (10) also noted increased prevalence of dementia after admission for critical illness.
Establishing a link between MCI and ICU admission is important in several ways. First, posthospitalization care may be provided in a more directed and resource-focused manner. For example, recognizing preexisting MCI at the time of admission may increase the awareness of higher morbidity and related postadmission complications. Such patients may require extra assistance with medication management or be candidates for cognitive rehabilitation programs (1) . Extra surveillance in these cognitive domains hopefully may reduce potentially preventable readmissions (18) . Understanding the future risk of readmission or risk of cognitive debility may also prompt important discussions regarding end-of-life care prior to and after critical illness. Indeed if MCI increases the likelihood of critical illness, improving management of baseline health with more directed primary or preventive care measures, such as better medication compliance, social support, and home safety standards, may reduce the frequency and related costs of more expensive ICU admissions. A first approach may be recognizing the significance of baseline cognitive impairment as a premorbid condition contributing to not only increased risk of critical illness, but also perhaps longer or more severe disease presentation.
Our study has several important limitations. The population consisted of only patients from Olmsted County, MN, with the vast majority of participants identifying themselves as Caucasians. Although we found an association of MCI with critical illness, MCI may indeed be a surrogate of overall generally poorer health rather than an independent mechanism, leading to an increased risk of ICU admission. Patients with MCI may be theoretically unable to provide appropriate self-care, such as timely adherence to prescribed medications or keeping up with health appointments. In the same vein, diseases, such as stroke, may increase the likelihood of MCI at the same time as contribute to increased likelihood of critical illness, confounding contribution of MCI to critical illness. Despite controlling for these factors in our analysis, it is still a possibility that MCI's contribution to critical illness may be more indirectly related to lowering overall health status or be a result of it than independently adding to severity of ICU disease frequency, presentation, or outcome. Finally, criteria for ICU admission are not standardized, and admission is often determined by institutional policies and the discretion of the treating provider. We did not intend to study the severity of illness or duration of hospitalization as a direct result of baseline MCI, but instead reviewed the influence of preexisting cognitive dysfunction in the context of a patient's overall health as a risk factor for critical illness. Studies delineating survival or morbidity of hospital course are needed in a cohort of patients with well-established and comprehensive precritical illness disease.
In conclusion, risk of ICU admission is significantly associated with MCI. As there is an ever-growing population of elderly patients with established MCI who survive critical illness, future prospective cohort studies are needed to analyze the impact of critical illness on future cognitive function. 
